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Jet Propulsion 1,abora[ory  (J1’I.) is currcntl  y assessing (he use of Ball Grid Arrays (lKiAs) for National Acrowrutics
and Space Administra[ioll  (NASA) spaccflight  applications. ‘1’his woIk is being funded through NASA IIeadqwmcrs,
Code Q. ‘1’JIc ot)jcctivcs are to demonstrate the robustness, quality and reliability of BGAs tcclmo]ogy,  and 10 assist in
the dcvc.lopmcnt  of tbc rapidly growil~g,  iudustl-ial  infrastructure for this tccbnology. Jl)l, has solicited illduslrial,
academic and other related consortia to work together to lcvcIfigc tbc related efforts into a synergistic cooperative
effort. l’ackagc dimensional cbaractcristics  of ucarly OIIC  (Iiousand plastic and ceramic pack:igcs  were dctcrmincd  using
a 3-1) laser systcm,  More than onc hrrndrcd test vcbiclcx  arc CLlrlCIldy bcillg thcnnall  y cycled and cycles 10 f:iilrrrc  data
arc bciug gathered. ‘1’hc results of these activities will bc srrmmariz,cd  and prcscntcd in this paper.

oILllm’1’IvlM

Many aspects of BGAs were investigated. ‘1’lIC
objectives of the IWA project were to demonstrate the
robustness, quality, reliability, and to assist in tlw
dcvclopmcllt  o f  tbc r a p i d l y  growil]g industrial
in frmtructurc for this tccbnology.  BCTAS arc clcclronic
packages used for higbcr 1/0 (input/Output) counts  (I}at
also provide improved electrical and tbcrmal
pcrfonnancc,  as WCII as more cffectivc  manufacturing and
case of handling, compared to conventional Surface.
Mounl  (SMT) leaded parts.

‘1’rr meet rcquircmcnts  of the NASA community,
including JI>I.,  for highly re.liable assemblies in :in Ultra-
1.OW Volume (LJl ,V) environment, an integrated systclo
approach was used. ‘1’hc foci included idctltification  of
BGAs’ critical manufacturing parameters, evaluation and
dcvclopmcnt  of impcction tcchniqucs,  and determination
of the effects of manufacturing defects on solder join(
reliability. ‘l”hc Quality Assurance (QA) procedures
dcvclopcd will tbcn be integrated into design and
marmfacturing  so lhat  critical pnramctcrs  can bc bounded
and c.ontrollcd.

JP1, solicited indusu’ial, acadctnic  and otbc.r rclawd
consortia (Rcfcrcnccs  1-3) to work together to lc.vcragc
their rcsourccs and cxpcrlisc  into a synergistic cffol[.  All
participants furnisbcd in-kind contributions. l’hc wide
industrial usc of RC~A tcchno]ogy will afford NASA as

well as consortium] industries incxpcnsivc  access  to this
kwhnology and supporl  miniaturization thrusts for tbcir
nc.xt gc[~cration applic:itiorls,

‘1’IIC consortil]ri]  objectives were (o cornplctc  the
characterization of lICJAS in the following areas:
●

●

●

●

Ploccssillg/asscrrlbl  ing l’rintcd Wiring Hoards
(l)WBs) using BGAs. Variables included I)WII
material types and surface finisbcs,  and usc of
ccramk and plastic packages wih  diffcrcnl  ball
populations and 1/0s.
Idcn[ifyillg  inspection and Quality Assurance (QA)
methods for asccr[aining  the process co]l[ro]s,
acccplancc  methodologies, and fiwrl qualily  of IWA
asscnlhlics.
Charactcri~ing  pack:igc propc.r[ics such a .s
coplanarity, inspection for solder joint quality,
damag,c progress during cnvirol[mcntal  exposure, and
dcfcctkcliahility  corda[ion,  as WCII as c.s(imating
soldcrjoint  life.
Invcstixatin&  the reliability of IKiA assemblies irl
scvcra~ d~fcrcnt cnvironrncnts  (tbcnnal and
dynamic).

IIACKGRO1lN1)

lntroductirm
‘J’hc production of surface mount asscrnblics  (SMAS)

now surpasses asscnlb]ics  using through bole Icchnology
(’1’111’). In SM’I’,  components arc mounted and



tcrmimtwt  directly onto PWIJ surface. Onc of toe most
in]portaat  component par:imctcrs  is tbc lc:id pitch, w]lich
is continuously dccrcrising  to meet tbc need for higkr  1/0
count.

‘1’hc usc of tine and ultra fine pitch (l;I> and lJl~I))
cmnponcnts  with less than 0.020 inch pitch is growilg,
oflcn resulting in rnorc than 200 leads for a sing]c  dcvicc.
‘1’ypically,  these componcn[s  have gull wing leads. 1;1’
and Ul~l> cornponcnts,  in addition to being cxhclncly
dclicatc  and easily damaged during handling, arc also
difticull  to process and rework, and arc prouc  10

misaliglmlcn[  with tbc associa[cd rcliabiliiy  implications,

l]GA is an important emcrgiag technology for
utili?,ing  higher pin counts, without  the :Ittcndallt
handling and processing problems of the pcripbcral array
packages (PAP). Llnlikc  1’A1’s,  lKiAs bavc b a l l s ,
covering tbc cnlirc  area, ora largcp orlion  of the area on
the bottom of the package.

lKiAs offer several distinct advantages over l;l’ and
(J1 ‘1) SMG that have gull wing leads, including:
● Ili.gbpin counts, gcncrally>200.
● I,argcr lc:id pitches, which significantly rcduccs  the

manufacturing complexities for high 1/0 parls.
● IIighcr  packaging densities, since the lead CIIVCIO1>C

for tlic g,ull wing lc:ids  dots not apply to lKiAs;
ltcncc, it is possible to mount more packages pcr
board.

● l~:istcr circuitry speed th:in gull wing SMCS bccausc
the tcrmina[ions  arc much shorlcr,

● ]Ict[crhcat  dissipation than gull wing leaded SMCS
bccausc  of providing Iowcr path from dic to 1’WII for
heat dissipation.

llGAsarc also robust inproccssing. ‘1’hiss[crnsfronl
their higher pitch  (0.050 inch typical), better lead rigidity,
and self-alignment cllarac[cristics diiring, reflow
processing.

lKiAs, however, arc not compatible with multiple.
solder processing methods and individual soldcl- join[s
cannot  bc inspcctcd  and reworked usil]g  convcn[ional
nlclhods. in ultra low volume SM’I’  assembly
applications, e.g. NASA’s, the ability to illspccl the soktcr
joints visually has been standard and is a kcy factor for
providing confidence in solder joint  reliability.

Consort hlm Tcmn Members
At (Iw start  of tllc project, in January of 1995,  a core

of consortium (cam mcmtwrs  was formed. IIS members
included IIu@lcs,  Jlocing,  and 1<1’1’. II) weekly
tclcconfcrcnccs,  the consortium defined their needs,
shared their cxpcricncc and s!rcngths,  and knowlcdg,c

.gaillcd  on BGA technology through their indc~cndcnt
literature scarchcs. ~onso~tiunl  members visited
companies with cxpcricnccin  lKiAstob  c[tcrundcrstand
the state  of (IIC technology and the areas tl)at  the
consoltiuni  cou ld  address  to add value to UIC
arivanccmcnt  of lccllnology.

Jl)l, organized a workshop on 3 March 9S to bavc
f:icc-to-face information cxcbangc  among  the core
cot]sor[iuln  t e a m  nlcmbcrs  aud ncw p:irlicipants,
l)arlicipation  b y  lntcrconncction  ‘I”cclmology  Rcscarcb
Imtilutc  (1’1’1<1) and S1{MA’1’lKYI,  a visionary
org,ani~a[ioa  in elccltonics  technology, pcrmitlcd  furtbcr
]J:irrowing  of the projcc(  focus aclivi(ics.  1’1’1<1, a focal
point forlbccollaboration  amongthc  industries, wmkcy
in f:icili~atiag,  future expansion of the consortium into the
co]amcrci:il  scc[ors.  ‘1’bc consortium shared invaluahlc
information, find built further collfidcncc  ill l]CTA
technology. Variables for tllc  test matrix definition were
ral~kcd h:iscd on tbc current and future needs of lbc
consor[iu]n.

‘1’hc test matrix went tbroug,b many revisions as ncw
l[lci]~l~rsjoil]cdat~d  was final i?,cdby Scpkm~bcr ‘9S wbcn
Altron  ag~ccd to fahric:itc  both 1 ‘R-4 and polyimidc PWl]s
and ~clcslica  agreed to asscn]blc  most of the test vchiclcs.
‘J’hc  org:ll]iziitions  that Imvc been an integral part of tbc
consortium activities arc as follows:

● hlilitary sectors- ]Iug,hcs  Missile SyStCIIN
Colapany  (I JMSC) d e s i g n e d  tbc l>WIIS,
lhxing ])cfcusc  and Space Group pcrfor[ncd
cnvironmcnlal testing for mili[ar y
applic<itioas. I.or:il  (J.ockbccd-Mar(  in),
~a[lada,  offc.rcd to assernblc and tm.t validated
[tic reliability of an additional 200 test vchiclc.s
usil)g the consortium  test matrix and test
vcliiclc  design,

● Comnmrcial facili(im- Anlkor/Ana~n
lilcctronics,  inc. provided more. than ’700
pla~tic  packages, Altron Inc. fabticatcd  300
l’Wl}s using 1:1{-4  ad polyimidc  materials,
[:clcstica,  Canada, assembled 200 test
vclliclcs, ]llcctronics hfl:ttll]f:ictl!ril~,g
l’i’oduc[ivity  l;:icili[y  (liMl)lo  p e r f o r m e d
Cnvirollnwntal testing, At~~c]icill\ Micro
I)cviccs  (AMI)) provided rc,sistivc  die, IIIM
prov ided  ccrarnic  p:ickagcs [it a minil[luln
chalgc, Nicolct  assisted in X-r;iy,  and View
l{n~inccring measured coplalKrrily and
walpagc,  of pnckagcs  using their 3-1) laser
Scanning  equipment.

● lnfrastrwcturc-  1’1”1{1  cstablisiml  by (hc
Ilwtitutc for ll]terco~lllcctil~g  and l’ackap,ing
l~lcctronic  circuits  (11)~)  h:is p r o v i d e d  ii
vchiclc  for coll:ibor:ition  aii)ong  the various



sectors of electronic interconnection
imtrrslrics.

● Academia- Rochc.stcr  lmtitutc  of ‘lkchnology
(1{1’1) assembled 35 test vchiclcs. More than
20 industrial advisors including people from
J1’1, arc helping (o rcdircc(  lhc RI’1’ metal
manufacturing laboratory into  a ~ompumr
]ntcgratcd l;lcctronics  Manufacturing (Ol;M)
facility to better meet the curlcnt national
demand for electronics Ill:itlllf:ict[lril]g
cuginccrs.

l’ackqyx

l’ackagcs cover  t he range  f rom OMI)A{;  to
Supc.rlKiAs  from An]kor/Ananl.  In SIKIA, the 1~ dic is
dircclly  auachcd to an ovcrsim copper plate providing a
better heat dissipation efficiency. ‘1’hc copper plalc  also
acts as a sliffcner  and ground plane for the package. ‘1’hc
solder balls  for plastic packages arc eutcctic (63 Sn/37Pbl.

IJigurc  1 Solder }Ialls With no ‘1’ilting  (top) and wilh
tilling in 625 OWA

~cranlic  packages WC[C from lIIM. ~clan~ic solder
balls have 0.035 inch diameters nnd have a high melting
tcmpcrat  urc (90Pb/1  OSn). ‘1’hcsc  balls arc Ntachcd  to UIC
ccranlic  subslratc  with cutcctic  solder (63 Sn/37Pb)
nta[crial. At reflow, substrate cutcctic matcri:il  and the
PW1l cutcctic  piistc  reflow to provide tbc clcctro-
lncchanical  intcrconllccts.

l’i.gurcs  1 shows Scanning lilcctron  MicI-ograph  (S1:M)
photos of ccranlic  package.s with 62.5 1/0s wi[h str:iight
and [iltcd solder balls.

I’ackagc  l)imensional  Characteristics

l’ackagc  dimensional characteristics are a[iLol\g  the
kcy wwiablcs  that affccl solder joint r e l i ab i l i t y .
l)imcnsio]ml charactcris[ics  o f  a l  I p.wkagcs were
measured using View lingillccring  3-1> laser scanning
system. oulpu[ of mcmurcmcn[s included solder ball
di:unctc.r, package watpagc, and coJJlanarity.

l)ackagc coJ~lal]arity  is dcfillcd  as Uw distance bctwccn
the highest solder ball (lead for Ql;l’)  and the lowest
solder ball. ~oplanarit  y CaII cont[ibutc  to the yield of
surface mount manufacturing as well as long-tcnn  solder
joint itltq,rity, 1 ~or leaded parts such as Q] ~1>,
nonplawu  it y in cxccss of 0.003 inches is not acceptable.
J] l] X K spccificat  ion for coplanarity y rcquircnlcnt  was
0.006 illcll  which incrcascd  to .008 inch,

In this ~ipcr,  UJC results of package Jjropcrtics  for 625
[31GA and 560 SuJ}cr  lXiA will Ix given oJlly.  ‘Ihcsc
data :irc being used to dctcrminc the influence of these
parameters on the solder joint l\ UIt\bCr  of cycles to failure.

l)imensiona] Characteristics for CBGA 62S

] ‘igurc 2 shows histogram plots of c.oJ>hmaI’it  y and
warpage  distributions for 108 ccrainics  wi(h 625 1/os and
coplanal  it y distribution for a packtigc with the maximum
coplanarity of 00042 iuch, Results from these and
similar plots arc:
● ‘1’JIc  balls’ cophmaritics  wmc 0.0015 to 0.002. inches

for 104 parts and 0.003 to 0.0042 iuclics for 4 parls.
● Maximunl  solder ball diameters were 0.0315 to

0.0334 inches with minimums 0.028 to
0.029 inches. lJi:iIl]ctcrs  were measured ouly for 36
parts

● Maximum warpngc.s were 0005 to 0.0029 inches.
‘1’hc coplanarity distribution plot for this part reveals

that the solder bails were gcmally  uniforln in hci.ght
wittl  a fcw a[ two cxtJcnlc  Icvc]s ttlat  were r:il)doJn]y
distribu(cd.
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l)imcnsiotlal  Characteristics of SuperllGA S60

1 ;igurc  3 shows histogram plots of coplanarity ancl
warpagc fo r  120  SIIGA560 and the cophiaari[y
distribution for a package with the maximum coplanarity
of 0.0054 iach. RCSUIW of these and similar plots arc. as
follows:
● lkill cmplaaaritics  WCIC 0.002 to 0.004 iachcs  for 72

parts, 0.004 to .006 for 45 park, and 0.006 m
0.00766 for 4 parls.
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● Maximuln  solder ball diamctc]s  were 0.0275 to
0.0290 iachcs,  minimums  were 0.0213 to 0.0263
inches.

● Maximum warpagcs  were 0.00165-0.0096 for 110
packages, 0.01012.-0.021 inches for 8 packages, aad
0.034 iuchcs for onc package.

‘1’hc coplall:trity dislribu(ioa  plo[ for this parl rcwxds a
]lonuniforl])ity  where oac rcgioa  shows higher lwights
II]aa tllc other. Such noaullifolmity  could c:iusc p;~ckagc
lifting duriag rctlow;  thus, increasing the likelihood of
marlufacturiag  dcfcc[  forlnation,
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‘igurc  3 Package Dimensional Cbaraclcristics  of SupcI}3GA  with 560 1/0s



of plastic packages, cover lhc raagc from OMPAC to
Summary 01( l\GA l’ackage l)itmmsiom Super RGAs. ~cramic packages were from lIIM, It is

scco that depending on lhc type of paclcagcs i.e. ccr:imic

‘1’ab]c  1 summ:irizcs  dilncnsional  characteristics of or plastic aad maturity of the pack:igc, the variations arc

two ceramics and five plastic packages. l~ivc of package different,

types were from Amkor/Anam,  the largest manufacturer

‘1’a~jlc 1 ] )imcnsioaal  C%aractcristics  of ccr;uaic aad l’lastic  l)ackagcs  1 )ctcrlnincd  by View J {nginccriag  3-1) I ascr
Syslc.rn

Package ‘1’ypc ~oplarmrity

E

Warpagc Max, I)iatmtcr
Range (inch) Range (inch) Range (itlch)*~

~llGA 625 .0015 -.002 for 104 .0005 -.0029 .0315 -.0334
.0030-.004 for4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,..,.,,,  , . . ., .,.,,,,, ,, .,,,,,,, ,,, ,,, ,,, ,,, ,,, ,,, ,, .,,,,,,, ,,, ,,, ,,, ,., ,,, ,,, ...,  .,,,,,,,,  ,,, ,,, ,,, ,,, ,,, ,.. . . . . . . . . . .

~I\GA 361 .001 ?-.0022 for 102 .0005 -.0018 .0312 -.0335
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . ,,, . . . . . . . .,, ,,, ..,.,, ..,,,,.,,,,. .,,,,,...,,, . .,.,.,.,,,., ., .,,,....,,, ,,, .,..,,,,,, ,,, ...,,.,,,,  ,,, . . . . . . ,,, ,, .,,,,,,

S60 SuperllGA .002 -.004 for 72 .0016 -.009 for 110 .0275 -.029
.004 -.006 for 45 .010 -.021 for 8
006-.0077 for 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,....,,,  , ..,,,,,,,  . ., ,,, ,,, ,., ,,, ,,, ..,, ,,, . . . . . ,, ...,.,,, , .,,.,,,,, ,,, ., ..,,,,,.  .,,,,.,,.  .,, .,,,,,. ,,, ,,,

3S2 SupcrlK;A .0014 -.0037 for 145 .0013 -.003 .0278 -.0287
.0048,.0058,.0065,.00

91. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ,,, ,, .,,.,  .,,,,,,.. ,,, ,., .,,, ,,, ,, .,,., .,,..,.,.  ,,, ,,, ,.. .,, . . . . ..,,.,,,, ,,, ,. ..,,, ,,, ,,, ,,. . ..,,,,.,,

352 OMI’A~ .0024 -.0057 for 128 .002 -.006 for 111 .0275 -.0288
.006 -.010 for 17. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,,, ,,, ..., ,, .,.,.,,, ,,, . . . . . . .

313 OM1’A~ .002,2 -.0052/ for 140 .0021 -.0045 .0285 -<0296. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., .,..,,,,  .,...,,,. ., . . . . . . . . . . . . . . . . . . ,,, ,.,  ,.,  , ,,,  ..,..,,  . . . .

256 OM[’A~ .0021 - ,004-/ for 140 .00259 -.0047 .0276-.0289

* ‘l’Ilcsc  V:IIUCS :Irc ]Owc,r  [ban (1IC solder ball diameter trUC v:ducs.

diallletcr  depends  on bow WCII [tic fit[cd curve is
Solder IIall l)iamdcrs rcplcsc.[ita[ive  of tbc actual shape of the. ball.

Solder ball diameters as measured bv View Another possibility could bc duc to tbc tilt  aad-.
1 lnginccring do not agree with the values rcpor[cd by
1 IIM. Ceramic packages usc high n)clti[]g  solder balls
wilh 0.035 it)cb dial] lctcr, ‘1’hc wducs from the 3-1) ktSCl-
imagcs  for botb  361 and 62,5 1/0s were lower than ().03S
inch. II) IllM’s rcccnt raadoai  nlcasurcmcllts  of ball
diameter mcasurernms  of SO out of 300,000, as part of
lhcir  incomil]g  impcction,  tlw values were within lhcir
ball diameter spccific:ition.

ol)c. possibility is that even though tl)c View
1 iugiaccrin.g  sys[cm is accurate for measuring coplawirity
and other di]ncasiowd parameters, it is not accur:ite  fo~
solder ball diamctc.r  ]~~c.:isl]rc.[i~e.l]t,  A soMcr ball ctian~ctcl
is calculated from n mathcmr(ical  curve which is fitted to
the last.r i[)):igc of tllc ball. ‘1’hcrcfol  c, tllc cstirna[cd

skewness of soklcr  balls as sliown  ia 1 ‘ig,urc 5. ‘the tilt
could cause distortion in the itaagc  dctcctcd by hscr
sc:inning,  resulting in different values tllau those rcpor[cd
by I1]M.  1 )i:ilnctcr  of solder ball were measured usiag the
SI{M as SIIOWO in l~igurc  3: it was found  to trc 0,0355
illcll.

~ONO.USlONS  ON l\GA l’A~KAGlt l) IMltNSIONS

● Solder ball plaaaritics  were significantly bighcr  for
plastic tlmn for ccranlic packages. 1’IICTAS,  IIowcvcr,
arc more robust and tbc large plmirity values might
I)ot bc a dctrimcllt  OO tl]c srrldcr  joiut  rel iabi l i ty .
SoIne. planarity differences among tbc balls arc



acccmnmdatcd  by their collapses during dIc rcftow
process. “1’his is not dm case for ~IIGAs where high
rnc]t  scrldcr balls remain intact  durir~g rcftow. ‘1’hc
solder ball diamtcr  controls the stand-off height
which is n kc.y factor to solder joint reliability.

● 3-1 ) laser scanning is excellent for charactcriyation  of
package dimensions, but possibly not for soldc.r ball
mcasurcmcnt.  It did read lower values for ccralaic
solder ball diameter than wits actually true. one
possible c:iusc  could bc duc to the skewness of the
ceramic solder balls observed viswilly  and by S1 :M.

l’ROGl{AM  S’1’AT[JS

A large number of wrriablcs inside the dcsig]i,
nmufacturinp, and lest of the lest vehicles (TVS) were
statistically toggled using a IJcsiga  of llxpcrimcnt  (I)oli)
tcchniquc  to dctcnninc  the influence and cridcality  of
d)csc wrriablcs.  l!ach test vchiclc  has four lKiA Packap,cs
that fire iu the 300 and 600 1/() categories. ‘1’wo silts
were used for assembling of ‘J’VS:

●  ~clestica,  IIlMK2rnada, a comrncl  cial coatr:ict
facility with cxtcnsivc  cxpcriencc,  and,

● 1<1’1’, a university wilt]  no cxpcricncc  in
asscmb]ing  ll~IAs.

University laboratories alc participating in asscnlbling
arlwmccd  electronic parts for usc in NASA’s missions.

After process optilaimtion  and assembling of 20 trial
‘1’VS, a total of 200 additiol}al  ‘1’VS were asscn~blcd  (about
170 by [~clcstica and 30 by 1<1’1’) and were subjected to
various lypcs of inspections including, X-ray and scanning,
clcctroa microscopy (S1 (M) prior to cnvironnlcn[al
exposure.

● ‘J’ypc  1, ccr:imic  aud plastic lKiA packages with
nearly 300 1/os, and,

● ‘1’ypc 2, ceramic and plmtic  lKiA packages with
nearly  600 1/0s. Also utiliTcd  w:is a 256 leaded and
a 2.56 plastic lKiA package for evaluating and direct
comparing ]nanufacturing  robustness and reliability.

‘1’hc.  ‘1’VS  arc currently being thermally cycled at [hrcc
sites, u[~dcr IImcc environmental condi[iol]s. ‘1’hcy arc
bciag, monitored continuously lhrough daisy chains to
electrical failure of all daisy chains. Ninety (90) ‘1’VS  arc
bcingj tllcrm:illy  cycled at J1’1,  and the rcmaiaing sixty
‘J’VS will bc subjcctcd  to cycling, power cycling, atld
dynamic exposure. IIocing is cycling 19 and l\MIU~  33
‘l’Vs. J1’1  .’s cycle is bctwccn  -30 ‘~ and 100 O[; with
abou[  a minimum of 10 minute dwells. ]hcing, aIl(i

1 lM 1>1 ( thermal cycle.s arc much harsher than the JP1 ,’s
:ind arc bctwccn -55 ‘~ :ind 125 ‘~. IXvcll and ramping
ra[cs arc also diffcrcl~t for tllc  two sites.

lixtcnsive  monitoring is being performed to understand
and record cycling damage progress. 1 ‘ivc ‘1’Vs from
liocing  and IIMI)l;  will bc removed and sent to JP1, for
illspcct ion, }Iocing and 1 iMl)l;  are performing visual
i]lspccliolls  at spccificd  intervals. lkrcin~ is also
pcrfon]~ing  limited S1 iM evaluation. At JPI., there arc
SCIS of ‘1’VS  allocated for inspection at cycle intervals, and
a fcw individually cut specimens for scanning electron
ulicroscopy  cvalua[ion, lnspcctioll ‘1’vs  and c u t
slwc,ilncns  arc. bc.ing rcmovccl periodically for visual
inspection, SliM cvalua[ion,  and closs-scctioaing  for
clack plopag,atio]l mapping.

1 Xtta gatt lcred will bc analyzed and fitted to distributions
using the Wcibull  distribution, and the ~offin-Manson
rclatiollsllips  for the cycles to failure distl  ibution and
failure projection. Manufacturing defects and occurr’cnce
frcqucncics  for diffcrcat  surface fitlishcs  aud package
types and configurations will bc corrchitcd  to cycles to
failure data. l;initc  c]cmcnt  modeling tcctmiqucs  to bc
dcvclopcd at the Goddard Space ]ilight Center (GSliC)
will bc used to correlate tbcory  and the cxpcrimcntal
results.

TIIICRMA1.  CYC1,l NG lllCSIJJ:l’S

in addition  to the above cnviroumcntal  cycles, a set of
ccran]ic  assemblies were subjected to a NASA cycle that
with  45 llLiautcs  dwells at cxtrcmc  tclapcra[urcs  has been
widely used for qualific:itioll  tcstins and in our previous
studies. A large data bmc is available for SM”I’  solder
joints subjcc[cd  to Ulis cycle (Rcfercncc  4 -5). l;or cost
c.ffcctivcncss and cngillcering,  cfticicncy  considerations, it
is dcsirab]c  (o nave llic shortest possible test period.
1 lowcvcr, adequate high tcrnpcraturc  dwells arc ncccssary
for so]dcr  c~ccp and rckixatioll occuncncc.

‘1’his long duratio]t cycle starl at 25”(: with a dccrcasc
Iatc of 2°~ per minute. to -55°~ with an oven dwell
scttinf,  of 45 ]ninutcs. ‘1’hc tcnlpclaturc  increase to 100°~
at a rate of cliang,e of 2°~ per minute widl an oven dwell
setting, of 45 minutes, followed by a dcclcfisc  of
tcmpcrat  u] c to 25°~ complc[cs  the cycling. ‘1’hc  duration
of one cycle is ’246 minatcs.

1 ‘igurc 4 con]p:ircs  cycles to failure for ~I\GA 625
1/os and 68-, 28-, and 20-pin ceramic J ,cad 1,CSS (1 W)
assemblies sabjcctcd  [O this cycle. only for this set of
[YKiA assctnblics,  failure dctcctcd mailually  by checking
claisy chaii]  rcsistaucc,  for opcus.  Other ll~TA test vchiclcs
ate beinp, conli[luous]y  monitored through a 1 ,abVicw



sysbm designed for this purpose. I/or 1.(WS  ]~ailure,s approximated usin~ a median  plo[tinp posi[ion, 1 ii = (i-
wwc dctcctcd  by Anntccll@  and verif ied by visual oj)/((lH  0 . 4 ) .  -

inspection. “1’IJC f:lill]rc  distribution pcrccutilcs  were

—— - T - - - - 7 - 7  “–—–-r——————

. . . . . . . . . . . . . . . . . . . . . t..: J-””” . . . ..”-” ”.”-- ”j. ”--. -”-” -.””” ”-..”...

. . . . . . . . .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...).... . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . .../.... . . . . . . . . . . . ..w .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i: :;,,,. . . . . . . . . . . . . . . . . . . . . . . . . ...+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

!47 i : ;
. . . . . . . . . . . . . . . . . ..1..... . . . . . . . . . ..*... . . . . . . . . . . . . . . . . . . . . . . . . . *. . . . . .?.-..-.....;.........;. . . . . . . . . .

:x - “b 681’I~J~~  ‘“
. . . . . . . Wdbull,  m=4.8, N&lOl

/.:;... - ‘m :&::=8.4, N&.3,,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .. . . . . . . . . . .. . . . . . . .

—  \}’dbull, nl=5.9S, No=712

o 100 ?00 300 400 Soo coo 700 800 900

NUIIIIJCI  of ‘J’llcrmnl  {:yclcs

1 ;igurc  4 Cumulative 1 ~ailurc l)is~ritmtion  PI .OLS for Cl\CiA  62.5 1/0 aud I H; Assemblies

As cxpcc.ted, the.re was a large spread in cycles to failure rmwnctcrs  f o r  CYIGA w e r e  391 CVICS

1000

aud 8.4
bcc:iusc, of variance iu board materials ~11-?-4 aad  kpcctivcly.

.
1@ 68-pin  I KTs, the scale al)d sbapc

l)olyimidc  for OK AS, I R-4 for I XTs), solder joint parameters were 101 cycles and 4.8, rcspcctivcly.  ‘Ihcsc
volume, quality and location, ‘1’bc first failure for OKiA were 712 CYCIC.S aI)d 5.95 for tbc 28-l~in  I Z;(k.
W(N dctcctcd at 312 cycles and occur~cd bctwccrl  292 and
312 Cylcs. ‘1’IIC last f:lilurc  detected between 450 and
OCCU1 [cd bctwccn  439 :Uld 450 CyC]CS.

‘1’bc  first failure for the 68-pin 1,(XS wm dclcctcd  at 53 .
c.yclcs while the last sample failed after 139 with 93
average cycle.s. 28-pin 1.(;CS  failed at much bigbcr cycles
in the raugc  of 352 to 908 witli 660 average cycles. ‘1’bc.
20-pin cyckx  to failure were in the same raup,c as for ●

tlmsc  of 28-piss and failed within 573 to 863 avcrag,illg
674 cycles. ‘1’bc diffcl-cncc  in part size for 20- aud 28-pin
I (X;S could lmvc been offset by difference in solder fillet
rcsoltillg  in an about the saruc ~1’1{ ruismatcb  shear
strain.

often, two-parameter Wcibull distributions have bccu  ●

used to cbaractcrim  failure distribution and provide
ruodcliag  for prediction ill the, art.zis of interest, ‘1’hc  ●

Wcibull  culuulative  fi~ilure  distribution was used to fit
cycles to fail urc data, ‘1’bc Wcibul]  scale and shape

.

1.KXSONS  1,ILAI{NIcI )

I)aral[lcters  toggled in tl]c IJolt  test matrix were well
tbouf,llt  out artd d i s c u s s e d  iu dc.Lli]s  at Jl)] ,’s
Wmkshop and wCCkly  tCICCOllCS.

1 ;acc-to-fam  mcctiug,s  were very valuable aud
dcmoustratcd a coucurrcnt  cr]gi[iccriag, approach.
Several follow up f:lcc-to-face  rncctiug,  for a more
thorough review was ncccssary,  but was limited to
tclcco]ls,  ‘1’bis  cause sonm flaws iri the l)WH daisy
chain  dcsigll

A ]nodcl that can simula(c ‘1’VS’  daisy chains :iud
corlccl  the inconsistancics  is highly  desirable.

‘1’bc test vchick design krd numerous valuable
fca[ulcs;  one was the ability to remove MCI]
individual package as disclctc  iadcpcndcnt, ‘1’l)CSC
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fmtutws  shoul~i  b c  iuclu(icd  i n  otbcr  futute  [CSL
vcbiclc  design.

‘1’bc comer balls of CKiA 361 were cxclucicd  from  ●

(IIC daisy chain pattern by ltlM dcsigu so that
rcliabi]ity  could bc iacrcascd.  Wc were ulmblc  to
include UICSC  balls in our study even though comer
lands on 1’WIIS  were daisy clminc{i,  “1’i~is  must k.

considered when reliability da[a from this package
will bc compared to otbcr  ceramic packages that

●

include [bc corner balls in daisy chain dcsiga.

(;cramic  packages sbowcd lower waqmg,c and wcsc
more coplanar thau their l)ll~TA  coun(crparts,

Numerous ccrarnic  packages bad tilted soidcr  balls.
‘J’bcsc  packages should bc inspcctcd  for skcwwcss of ●

b:ill a[tacbmcnt.

l’htnarity  and warpagcs  were ul~cxpcctcdly  higbcr for
tlw fcw IUKiA packages. ‘1’hcsc  packages must bc
inspcctc{i particularly careful I y to msurc
conforolancc to tbc rcquircmcnts.

IIcing in an early production at  tile ti[nc of
evaluation, ii number Super lKiA pactwgcs sbowcd  ●

missing balls duc to bandiing.

Many ceramic. balls showed sigas  of skewness WIICN
visualiy  were inspcctcd. *
Qlii)s WCI-C c.xtrcmcly  suscep t ib l e  to  handling
damages, ]nany of tl]cm were danmgcd prior to
:issctnbiing.

l’olyimidc  yield was lower than epoxy duc to some
delamination. l)olyinlidc sbowcd I!lorc edge and
tooliug hole fr:icturcs  from pim)ing mld balldlitlg
opcratio]ls,  as reported by Akron, inc.

IN soidcr  mask dcl~ncd (SMI ~) pads, so~r!c  of tllc via
boles bad lnask  in the bole. Some mask dcf,radatio]i
was observed by Attron duc to tllc Ni/Au process
tcmpcraturc.

‘1’bc SM1) lcchniquc  for pad coverage was sclccIc{i
basc(i ol~ Motoroln>s  past cxpcricncc  with l)lKiA’s.
Motorola’s rcccnt  invcstigatioa  (A. Mawcr, Surface
Mouut ltcrlmtional  l’]-occcdings,  S e p t . 1996)
indicalcd  a pssiblc  ti]rcc fold incrcasc  iu reliability
WIICII NSMIJ for both package and l)WIIS arc used.

Sclcctiol~  of tbc right nmouat of solder paste volmtics
[iad 50% stcacil  step down al 10 Wcd Succcssfu  i i y

mmtding of (cst vcbiclcs  with mixed tccbnology
packages. ~cramic aud phstics pack:igcs as WCII m

fiuc. pitcl]  Ql :1’s were succcssfull  y assembled ill onc
reflow process step.

As cxpcctc(i, lKiAs were robust ia asscmbliap,
compared to tlm 256 Ql:l’s. ‘1’hc void levels were Ilic
same as tbosc gcucrally  observed by (~clcstica  011

othcl  assemblies. All of tbc Ql;l’s,  bowcvcr, showed
bridf,iag  and bad to bc reworked.

Robusmcss  of II(;As was also apparcut  at 1{1’1’. 1<1’1’
dcaliug with very limited resources was successful in
assclnbling  the nlajority  of ll~IAs  whereas had many
probh.ms  with QI 1) placcmcat  and were unable to
clilninatc  solder bridgiog.

It is very i]nporlant  to understand tbc reasons for
solder process rcllow  time aad tclllpcraturc  i!] order
to lx. able to asscmbic  packages with dilfcrcat
tlm lwd dissipation propel lies. ‘1’his  kaowlcdgc
allowed successful asscmblill.q  of ‘1’VS in an 1}{ oven
at R1’i’.

RMA and water soluble rcftow profiles arc different
an(i are. not il~~c.rcl}al]ge:iblc  and they si~ould bc
opiimizcd  separately for the applications. When tbc
watt] soluble rcftow profile was used for an RMA
paste, solder joiut  showed cxccssivc  voids. ‘1’his
tcclliliquc  can be used to gcacmtc different voids
lCVCIS  wbcn invcstigatil]g  the effects of voids on
solcict’joint  reliability.

l)WIIS w i t h  diffcrcl~t surf:icc  fillistms  w e r e
succcssfutly  asscmt)lcd. ‘1’bcnnal pcl-formaacc prior
to assembly was not cslabiisi]cd.

~lcauing  of lKiA for RMA flux should bc coasidcrcd
wllcl]  commercial facilities arc used.
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